Osteoporosis is a silent disease with increasing prevalence due to the global ageing population. Decreased bone strength and bone quality is the hallmark of osteoporosis which leads to an increased risk of fragility fractures in elderly. It has been estimated that approximately ~50% of women will suffer during their lifetime from an osteoporotic fracture. This must be considered as a major health concern, as it has previously been established that fragility fracture has been associated with decreased quality of life due to increased disability, more frequent hospital admission and most importantly, osteoporotic fractures have been related to an augmented mortality risk. Anti-osteoporotic drugs are available for improving bone quality. Although there is access to these therapeutic options, there remain multiple unmet needs in the field of osteoporosis and fracture care, for example, the primary prevention of osteoporosis in young individuals (to reach a high peak bone mass), the optimization of the use of imaging techniques [dual-energy X-ray absorptiometry (DXA), vertebral fracture assessment (VFA) and new techniques measuring bone quality], the use of nonmedical treatment options and surgical techniques of fracture healing. In this review, we will discuss topics that play a role in the occurrence and prevention of fractures, and we give an overview of and insight into the critical issues and challenges around osteoporosis and fracture prevention.
Introduction
Osteoporosis is a silent and asymptomatic disease, characterized by loss of bone mass and bone strength, leading to an increased susceptibility of low-energy or fragility fractures. 1 This is illustrated by the observation that fractures are common at the age of 50 years, as it has been estimated that the lifetime risk for women is 40-45%. 2, 3 Although the lifetime fracture risk, estimated between 15-27%, is lower for men, the risk for subsequent fractures after an initial fracture is the same in both men and women, [2] [3] [4] which indicates that secondary fracture prevention after an initial fracture is important both in women and in men. Since age is the dominant risk factor for osteoporotic fractures, roughly 90% of the fragility fractures occur in patients 60 years and over, the fracture rate is world widely expected to increase, as the number of elderly is rising. 5, 6 From this point of view, it is relevant to note that fractures have a large impact: relatively uncomplicated fractures such as wrist fractures are usually associated with devastating pain and mild disability (and sometimes to limitations in daily work), 7 while severe fractures, such as hip fractures, usually lead to hospital admissions and operative procedures, which may be complicated by infection, myocardial infarction, thromboembolism and delirium. 8 In addition, patients with hip fractures may have persistent postoperative limitations in walking and daily living, and more importantly, mortality risk is increased. 9, 10 Therefore, the question is: which measures are needed to prevent fractures in the elderly? For two decades, we have had access to antiresorptive drugs (bisphosphonates and, later, denosumab) that substantially lower the risk of vertebral and nonvertebral fractures (including hip fractures), [11] [12] [13] [14] and even to anabolic drugs (e.g. teriparatide), that have the capability to build up new bone, 15 while new, promising drugs like abaloparatide and monoclonal antibodies against sclerostin are in phase III trials. [16] [17] [18] [19] Recently, an alarming decrease of around 50% from 2008 to 2012 in bisphosphonate users was documented in the USA, the so-called 'crisis in osteoporosis', indicating that bisphosphonate prescription is suboptimal. 20, 21 This fall in anti-osteoporotic drug prescriptions was confirmed in a recently published study performed in the United Kingdom. 22 In other words, the currently available drugs are very welcome, but are certainly not the full answer for fracture prevention in the ageing population ( Figure 1 ).
Obviously, there is an unmet need in the field of osteoporosis (Table 1) . This was recently discussed in manuscripts focusing on pathophysiology, screening and treatment of osteoporosis and on prevention of hip fractures. 23, 24 In our opinion, many other factors play a role: e.g. prevention of osteoporosis in young individuals (to reach a high peak bone mass), the optimization of the use of imaging techniques [dual-energy X-ray absorptiometry (DXA), vertebral fracture assessment (VFA) and new techniques measuring bone quality], the use of medical and nonmedical treatment options, and surgical techniques of fracture healing. Since we will discuss all the above-mentioned topics that play a role in the occurrence and prevention of fractures, this manuscript gives an overview of and insight into the critical issues and challenges around osteoporosis and fracture prevention.
Primary prevention of osteoporosis
A good understanding of factors that influence peak bone mass is crucial to apply primary prevention of osteoporosis, which must be considered as optimization of peak bone mass to prevent future fractures. During youth and young adulthood, Table 1 . Unmet needs in the field of osteoporosis.
Optimizing peak bone mass in young adults
Structural implementation of a four-step diagnostic procedure in patients with clinical risk factors for osteoporotic fractures (DXA, VFA, fall risk and secondary osteoporosis) More adequate measurement of bone strength Reduction in the treatment gap New drugs with a better efficacy/safety profile Shared decision making with optimal nonmedical and medical treatment New strategies: treat to target and definition of high-risk patients DXA, dual-energy X-ray absorptiometry; VFA, vertebral fracture assessment. skeletal growth leads to accrual of peak bone mass, usually after the first 20-30 years of life. 25 It is obvious that higher peak bone mass reduces and protects against fracture risk in later life. 26 Unfortunately, it is unclear what the optimal strategies are to build up a strong skeleton in the first decades of life. From twin studies, we have learned that several genetic factors play a crucial role: it has been estimated that approximately 60-80% of peak bone mass is determined by genetic factors. 27, 28 Another important nonmodifiable factor is sex, as it has been shown that boys and males have higher peak bone mass, also illustrated by the observation that lumbar vertebral bodies in girls are, on the average, 11% smaller than in boys. 29, 30 So, in general, only 20-40% of the peak bone mass acquisition is influenced by modifiable factors with potential positive and negative effects on peak bone mass. The modifiable factors that influence peak bone mass include physical activity with mechanical stress on the bone, body composition and dietary intake of nutrients like calcium and vitamin D. 31 In general, young patients with chronic diseases show more often the presence of modifiable factors with negative effects on peak bone mass. 25, 32 Although these modifiable risk factors have only a relatively small impact on bone mass and bone strength, they can be theoretically influenced by all individuals.
Factors that negatively influence peak bone mass
Without doubt, a low calcium intake is a risk factor for a low peak bone mass. Weaver and colleagues mentioned that in several randomized controlled trials, a skeletal gain of 3% versus 19% after calcium supplementation was observed in young individuals versus healthy individuals without calcium supplementation. 25 Thus, calcium supplementation is useful in those young individuals with a low calcium intake. Unfortunately, it is not very clear what the optimal calcium intake is for boys and girls. Moreover, it is unknown what the optimal intake is for different races and different age groups. Another important modifiable factor is vitamin D, as vitamin D has a positive effect on intestinal calcium absorption, calcium metabolism and bone strength. However, there are still questions on how to screen for vitamin D deficiency and what are appropriate cutoff values for diagnosing vitamin D deficiency or vitamin D insufficiency. 33 Theoretically, supplementation of vitamin D will increase bone density and this has indeed been illustrated by four out of eight randomized controlled trials. [34] [35] [36] [37] Moreover, the question remains: how much vitamin D should be supplemented and how we have to deal with racial differences in vitamin D metabolism in the skin. 33 A very striking example on the relationship between nutrition and bone is that a strong association was demonstrated between lower bone mineral density (BMD) and eating disorders like anorexia nervosa and bulimia in adolescents with eating disorders. 38 Finally, the increase of alcohol abuse and other intoxications like smoking are a major problem in adolescents. Alcohol and smoking have both direct negative effects on the bone, and may have also negative effects on heart and lungs and organ systems. Without doubt, no smoking and no or limited alcohol are crucial steps in the strategy to reach an optimal peak bone mass in young adulthood. 39, 40 How can we improve peak bone mass? In general, it can be stated that peak bone mass can be influenced not only negatively, but also positively during young adult age. Therefore, it is important to realize that due to welfare, there is a change in lifestyle not only due to changes in nutrition and diet, but adolescents also seem to have a more sedentary lifestyle. Nowadays, youth has changed activities during leisure to a more sedentary relaxation with game consoles and other video games. This may be a difficult but necessary challenge as several studies showed that sedentary behavior in young children is associated with a lower bone density and ultimately lower peak bone mass. 41, 42 Recently, it could be demonstrated that more hours of watching television per day was associated with a lower BMD. 43 On the other hand, there is a chance to initiate intervention programmes to increase peak bone mass for young adults, as it was observed that physical activity was associated with increased BMD levels. 44 In this study, it was shown that moderate activity, e.g. walking, cycling or exercises, for at least 4 h a week, participation in recreational sports for at least 4 h a week or participation in hard training or sports competitions several times each week may increase BMD up to 11% and 13%, respectively in girls and boys aged 15-19 years. 44 Moreover, a retrospective cross-sectional study in prepubertal girls that observed global physical activity and not only activities related to sports was associated with a greater peak bone mass. 45 Nevertheless, although physical exercise may have a positive effect on BMD and peak bone mass, there are remaining questions about the optimal intensity and duration of therapy. Promising results were shown in a recent study by Mitchell and colleagues, as this study observed an improvement of bone after physical activity in children genetically predisposed to lower bone density. 46 Another point is how to change behavior from a sedentary type to a lifestyle with more physical exercise in large groups of young adults. Therefore, there is an urgent need for not only limiting the negative modifiable factors (low calcium, low vitamin D, smoking and alcohol), but also investing in positive modifiable factors (mainly exercise) to aid in achieving optimal peak bone mass values in many individuals.
Prevention of osteoporosis: who is responsible?
The most intriguing question is who must take responsibility for optimizing peak bone mass in young adults. While physicians (such as rheumatologists, geriatricians and endocrinologists), and fracture nurses working at the fracture liaison service play an important role in the diagnosis of underlying osteoporosis and subsequent treatment, this topic is probably more the responsibility of other individuals and organizations. In our opinion, the lifestyle measures are more under the responsibility of the young individuals themselves and their parents, general practitioners, physicians working in the field of social medicine, health insurance companies and governments. The first step is to create awareness of the burden of fracture risk in later life. The next step will be primary prevention of osteoporosis by education programmes for adolescents and young adults, preferably with support of their parents. Implementation of programmes around primary prevention are usually difficult, but certainly worthwhile, given the threat of an enormous increase in the number of fractures in the coming years. 47
Osteoporosis and underdiagnosis
Osteoporosis is defined as a skeletal disorder characterized by compromised bone strength, predisposing a person to an increased risk of fracture. 1 One aspect of bone strength is measured by bone density and can be assessed by both peak bone mass and amount of bone loss. The other aspect of bone strength is related to bone quality and reflects bone mineralization, the microarchitecture of the bone and bone turnover. 48 The balance between these characteristics determines whether an individual has a high fracture risk. To assess BMD, dual-energy X-ray absorptiometry (DXA) was introduced three decades ago. Since its implementation, DXA has been considered the gold standard for measuring, noninvasively, BMD. In 1994, the World Health Organization (WHO) recommended easy-to-use thresholds for BMD by comparing an individual's BMD levels with mean BMD levels of a young healthy reference population by incorporating the T-score (referring to the inventor Dr Thomas Kelly). 49 It should be realized that the T-scores are arbitrarily chosen and were implemented for diagnosis of osteoporosis but not for treatment decisions. Moreover, for all DXA devices from several manufacturers, different reference groups were used and therefore similar BMD scores in different DXA systems do not reflect the same T-scores. 50, 51 For this reason, it was thought that a simple step forward in the diagnosis and treatment of osteoporosis would be the introduction of a normative database for all DXA devices. From this point of view, the International Society for Clinical densitometry was founded and commissioned in 2013 a Task Force on normative databases. This Task Force recommended manufacturers of DXA devices to use North American data [National Health and Nutrition Examination Survey (NHANES III)] as international reference for total hip and femoral neck. Moreover, as reference for the spine, it was recommended to continue the use of data of the manufacturers themselves. Although this recommendation may be practical, the question raises whether this method of implementation should be applied for all patients. An important issue in this case is that it should be realized there are marked differences (>10-fold variation) in hip fracture risk worldwide. 52 For example, in Europe, the annual incidence of hip fracture was highest in Denmark and Sweden (>500/100,000) compared with (~250/100,000) in Spain and the Netherlands. Moreover, the highest mortality due to fractures was in the same countries with highest hip fracture rate; in Denmark and Sweden there were over 35 deaths compared with ~15 deaths/100,000 inhabitants aged 50 years and over in Spain and the Netherlands. These numbers illustrate the burden of the disease on the general health of all individuals. For this reason, the question raises whether geographical standardized normative databases may be more appropriate for assessing patients' BMD levels.
It has been well documented that fracture risk is highest in those individuals with a T-score in the spine or in the hips ⩽2.5, and that for each decrease in SD, the fracture risk roughly increases by 1.5-2.5. 53 One of the main disadvantages of DXA is the low sensitivity for fracture prediction, in other words, several patients who suffer from a fracture, do not have a T-score in the osteoporotic range. This is the so-called osteoporosis prevention paradox: fracture risk is highest in osteoporotic patients, but most fractures occur in osteopenic patients (because their number is much higher). 54 So far, we are not able to clearly define which patients out of the large group of individuals with osteopenia have the highest risk for future fractures. Is it because we only measure BMD and we do not incorporate bone quality or vertebral fractures in the prediction models? Is it because we frequently neglect muscle power and fall risk? In general, there is agreement that prescription of anti-osteoporotic drugs is necessary in high-risk individuals, thus it can be advocated to treat osteopenic patients with vertebral fracture(s) or those with chronic use of glucocorticosteroids. Recently, the National Bone Health Alliance Working Group proposed offering treatment to all osteopenic patients with a recent severe fracture of vertebra, proximal humerus, pelvis and hip. 55 For clinicians, this proposal is more relevant for individuals with a T-score of −2.3 than for individuals with a T-score of −1.1.
In 2010, it was estimated that approximately 28 million individuals will have osteoporosis in Europe. In all European Union countries, the prevalence of osteoporosis in women and men 50 years and over is 20-25% and ~6%, respectively. 56 Therefore, a team of osteoporosis experts developed an independent project to create awareness of osteoporosis and fracture care in Europe. 56 This project aimed to identify unmet needs in the prevention of first (primary prevention) and subsequent (secondary prevention) fractures. But more importantly, this project advocates that all individuals living in the European Union should have access to optimal diagnostic tools and the best treatment options for osteoporosis. For this reason, this project developed a scorecard with multiple indicators of osteoporosis care to identify the gaps and needs in the European countries. Therefore, good and early access, and reimbursement for DXA is essential. In the 24 of 27 countries of the European Union there is reimbursement for DXA investigation. This seems good osteoporosis care but in most countries, there are some barriers to clinical practice, for example, restriction to females or patients over 65-years old, reimbursement only for secondary osteoporosis or income-dependent reimbursement. In (only) 10 out of 27 countries of the European Union there is good access to DXA. However, this illustrates that more than half of the European Union countries do not have a good access to DXA, still one of the most essential tools to diagnose osteoporosis. To improve fracture care and decrease fracture risk, a better access to and a higher number of DXA devices is urgently needed, as DXA assesses low BMD, which is related to fracture risk. 53, 57 However, the clinical utility of DXA is strongly related to the scan acquisition, analysis, interpretation and reporting. Obviously, when one of these four steps is not properly (regularly) controlled or is suboptimal, the value of the BMD measurement is limited. 58, 59 Since the clinical consequences of a DXA measurement are very helpful for treatment decisions, measurements of BMD should be more accurate at improving the estimation of fracture risk.
Diagnosis of osteoporosis: more than dualenergy X-ray absorptiometry alone
It could be argued that performing a VFA (vertebral fracture assessment) in all patients for whom a DXA is indicated and performed would be beneficial. 60 With this technique, (asymptomatic) vertebral deformities can be detected. For example, it was recently documented in a cross-sectional study that vertebral fractures were found in 13% of rheumatoid arthritis (RA) patients. 61 Vertebral fractures are clinically relevant: although only one third of the vertebral deformities are associated with clinical signs and symptoms of an acute vertebral fracture, they are a good predictor of subsequent vertebral and hip fractures, and may have impact on quality of life. 62 Moreover, assessment of vertebral fractures in addition to BMD enhances fracture risk prediction. 63 Thus, the finding of one or more moderate or severe vertebral deformities in patients with osteopenia may make the difference between starting treatment with anti-osteoporotic medication or not.
The recently published European League Against Rheumatism (EULAR)/ European Federation of National Associations of Orthopaedics and Traumatology (EFORT) recommendations advocate that in all patients 50 years and over with a recent fracture in addition to DXA/VFA, fall risk evaluation and screening for secondary causes of osteoporosis needs to be performed. 64 In patients with an elevated fall risk, it is clinically relevant to establish whether modifiable risk factors can be identified; the same is true for potentially treatable causes of secondary osteoporosis and other metabolic bone disorders. Obviously, both high fall rate and untreated secondary osteoporosis may limit the effect of both nonmedical and drug treatment. There are hardly any data on the implementation of these four crucial diagnostic steps in daily practice. However, we suppose that with the abovementioned suboptimal access to DXA, the implementation of the other three steps (VFA incorporation in DXA, fall risk assessment and active screening for secondary causes of osteoporosis) is even worse, which emphasizes that there is an urgent need for better diagnostic procedures in patients at risk for fractures. 65 Another way to assess patient fracture risk is the use of fracture risk algorithms with clinical fracture risk factors. FRAX ® is a computer-based algorithm that estimates an individual's 10-year probability of a major fracture (e.g. vertebral, hip, humerus or wrist fracture), the so-called 'absolute fracture risk'. 66 The probability for a major fracture in FRAX ® is based on several clinical risk factors, including previous fractures, parental history of hip fracture, body mass index, age, smoking, alcohol consumption, long-term use of glucocorticoids and RA or other secondary causes of osteoporosis. However, FRAX ® underestimates fracture risk in patients with a recent fracture, does not consider glucocorticoid dosage and duration and has a relatively low positive predictive value and high negative predictive value. 67, 68 Nowadays, in 21 out of the 27 European Union countries, fracture risk assessment is based on FRAX ® , but treatment is guided in <50% of the European Union nations on this validated risk score. 56 It can be argued that the FRAX ® has some limitations (not incorporating fall risk, vertebral fractures), but the prediction of the absolute fracture risk is very helpful for patients (and clinicians!) as a starting point for making decisions about treatment with anti-osteoporotic drugs or not (in contrast to the relative risk frequently reported in clinical trials). Therefore, there is an urgent need for structural implementation of fracture risk calculation algorithms like FRAX ® in daily clinical practice.
The fracture liaison service Another very crucial tool to reduce future fracture risk is the implementation of fracture liaison services (FLS) in elderly patients who experienced a low trauma fracture. It has been shown in a systematic review and meta-analysis, that the FLS is the most effective organizational structure for risk evaluation and treatment initiation compared with other forms of interventions [e.g. patient education or alerting the primary care physician (PCP) by a discharge letter containing medical information on the fracture of the patient]. 69 In the FLS, a dedicated coordinator, often a well-educated nurse, who works under the supervision of a rheumatologist or endocrinologist, takes care of all aspects of the process (identification, investigation and intervention with therapy). Unfortunately, FLS has only been implemented widely in 8 of the 27 European Union countries. 56 From studies with FLS services, we do know that only around 50% of elderly with a recent fracture who are invited for a visit to the FLS, are willing and able to attend the FLS and accept the invitation to have DXA scans and other diagnostic procedures. 70 Obviously, here is a large unmet need: in the very high fracture-risk group of elderlies with a recent fracture, 50% will not undergo diagnostic procedures to detect underlying osteoporosis! Of course, it is crucial to know what are the main reasons for not accepting the invitation of the FLS. Severe immobility related to hip or pelvis fractures was found in 10%, while 'not interested' occurs in 30%. Other causes include no contact, death, already treated, living elsewhere. 70 For optimal treatment of hip fracture patients, new initiatives have been developed in which hip fracture patients are treated in a joint care model between geriatrician and orthopaedic surgeon on a dedicated orthogeriatric ward. This model has been shown to have the shortest time to surgery, the shortest length of inpatient stay and the lowest inpatient mortality rate. 71, 72 Another topic is the large group of individuals who are 'not interested', which may be related to financial issues in some of them. In our opinion, education to the lay public and to health professionals is an enormous challenge, as it may lead to a greater awareness of the burden of fragility fractures, and may have a positive effect on the percentage of individuals that accept invitations from FLS services for diagnostic procedures. Obviously, these are new and promising initiatives, however, education alone is not effective, as it will take time and energy before it will be implemented broadly.
Another important issue is that several studies have shown a substantial number of the patients with high fracture risk for osteoporosis do not receive treatment with anti-osteoporotic drugs, also called the treatment gap of osteoporosis. 73, 74 Estimations of the treatment need showed that the treatment gap in Europe's best performing country was 25%. But most of the countries showed a high treatment gap ranging from 40-95%. This means that even in relatively rich European Union countries, for approximately 50% or more patients with high fracture risk, drug treatment was not received. So, in general, there is an underuse of DXA, leading to an underdiagnosis of osteoporosis in many patients.
Measuring bone strength
Thus, many patients are not optimally assessed for osteoporosis with only DXA, even when they are at high risk for subsequent fractures, for example, after a fragility fracture in the elderly, and on top of that, there is a substantial treatment gap. But not only the treatment gap needs to be improved; early recognition of osteoporosis in individuals before the development of fracture is crucial to reduce the disease burden and improve the quality of health in these patients.
Although the DXA device is an easy-to-use tool for diagnosing osteoporosis, a limitation is that the DXA device measures only one aspect of bone strength, that is, bone density, which can be considered as the amount of hydroxyapatite (Ca 10 (PO 4 ) 6 (OH) 2 ) per bone area. Therefore, the BMD value measured by DXA is influenced by degenerative changes, atherosclerosis (aortic calcifications) and fractured lumbar vertebrae, as these conditions are characterized by calcifications potentially increasing BMD values. 75, 76 Another limitation of DXA is that it creates a twodimensional image of bone structures and therefore details cannot be identified. A large proportion of fractures occur in individuals not identified by a low augmented BMD (aBMD), as abovementioned. For these reasons, new and more advanced techniques such as trabecular bone score (TBS), high-resolution peripheral quantitative computed tomography (HR-pQCT), ultrasound, finite element analysis (FEA) and magnetic resonance imaging (MRI) are under development.
TBS is a surrogate marker for bone microarchitecture and has been associated with prevalent and incident fractures. 77 Although TBS changes during treatment, TBS is less sensitive to change than aBMD. Although TBS may have a role in predicting future fracture risk in specific disorders like hyperparathyroidism and diabetes, its precise role in osteoporotic care remains to be elucidated. HR-pQCT is probably a more promising technique: one of the biggest advantages of HR-pQCT is that it constructs a three-dimensional image of the bone and it has the additional value of measuring the microarchitecture of bone, that is, both cortical and trabecular aspects of bone. Previous studies showed that several HR-pQCT-derived bone parameters, with or without FEA, are associated with previous fractures. [78] [79] [80] More recently, it was shown that cortical area and cortical bone mass by HR-pQCT analysis was independently of aBMD associated with fracture risk, suggesting that HR-pQCT may have additional value on fracture risk calculation. 81 Moreover, it was demonstrated that in individuals with identical BMD at distal radius area, differences in bone microarchitecture were observed by HR-pQCT due to differences in morphological and biomechanical differences, especially at the cortical level of bone. 82, 83 Although promising, an important point is that some clinical questions remain: up to now, we do not know what is the most clinically relevant and prognostically optimal region of interest to report in clinical practice. Furthermore, standardization of repetitive measurements of the same region of interest needs to be improved. Therefore, incorporation of this modern diagnostic tool is promising but remains challenging. In addition, HR-pQCT may have clinical relevance for certain rheumatic diseases like ankylosing spondylitis (AS) characterized by bone formation. In AS patients, suboptimal bone microarchitecture in both axial and peripheral skeleton (distal radius) was demonstrated, 84 which is an important finding, as lumbar spine bone density measurement by DXA in AS patients may give an overestimation of BMD due to syndesmophytes or bamboospine development. Recently, HR-pQCT imaging made it possible to monitor the healing process of fractures by a non-invasive manner, as this technique identified differences in cortices and trabeculae during a follow up period of 2 years in the fractured and nonfractured site, whereas BMD was similar at both sites. 85 Moreover, a recent collaboration between different bone specialists showed that HR-pQCT imaging is a promising tool to define erosions in RA patients instead of using plane X-rays. 86 Another interesting observation is that HR-pQCT can measure changes in microarchitecture during treatment for a disease. This was illustrated in coeliac disease patients who underwent treatment with gluten-free diet, where it was observed that both BMD as microarchitectural parameters at the trabecular and cortical level improved during intervention. 87 Very recently, data were presented of an observational study in 589 French postmenopausal women with 135 incident fractures, who were followed over 9.4 years. The authors compared the Structure Fragility Score (SFS) combining trabecular and cortical indices by HR-pQCT at the distal radius, with the BMD of the femoral neck and the FRAX ® score: the predictive value seems to be comparable for all methods, with no additional value of the SFS on top of the BMD or the FRAX ® . 88 Although these studies do not demonstrate that HR-pQCT is superior to DXA for fracture risk assessment, it clearly illustrates that new modern techniques may have additional value and may be promising in the future to have a better fracture risk assessment, especially in certain high-risk patient groups.
The abovementioned concerns illustrate that the prevention of subsequent fractures after an initial fracture care needs to be improved. An important step forward may be intensification of collaboration between different medical specialists and general practitioners. The recently published recommendations by EULAR, in collaboration with the European Federation of National Associations of Orthopaedics and Traumatology (EFORT), for patients with fractures is a good example, in which 10 recommendations are advocated for optimal fracture care of patients older than 50 years with a fragility fracture, to prevent subsequent fractures. 64
Nonpharmacological treatment: what is the evidence for the prevention of fractures?
Although for several anti-osteoporotic drugs it has been demonstrated that they reduce vertebral and nonvertebral fracture rate, 89 there are no data on the effects of any nonpharmacological treatment on fracture incidence, with the exception of vitamin D. Nonpharmacological treatment (including adequate calcium intake and vitamin D levels, and exercise) has an important overlap with a healthy lifestyle, which is crucial for patients with a high fracture risk, since a nonhealthy lifestyle may have negative effects on BMD, bone quality and fall risk. 90 So what are the arguments for advocating a healthy lifestyle? Firstly, there are a lot of preclinical data that point in the direction of a positive effect of healthy lifestyle elements (calcium, vitamin D, exercise) on bone. In addition, the balance between a possible, but not proven, effect of a healthy lifestyle on bone, in combination with the absence of side effects, is attractive. Another argument is that all phase III studies with antiosteoporotic drugs have been performed in patients in which calcium and vitamin D were supplemented.
An adequate calcium balance is an important factor in bone strength. Obviously, an extremely low dietary calcium intake, particularly in patients with malabsorption, for example, after bariatric surgery, may induce a strong tendency to serum hypocalciemia and a subsequent elevated bone resorption. This can be counteracted by oral calcium supplementation, but earlier data have suggested that calcium supplementation and increased cardiovascular risk are associated. 91 However, several studies have not confirmed a possible relationship between high dietary calcium intake and cardiovascular events, 92, 93 leading to a continuing debate about whether calcium supplementation may lead to an elevated myocardial infarction risk. This is even more crucial, since it was shown in a recent study that for patients with RA, the risk of a cardiovascular event was elevated after a fragility fracture: hazard ratio 1.8 (95% confidence interval: 0.85-1.63). 94 Another point is that when we prescribe calcium in osteoporotic patients with a low dietary calcium intake, it is not easy to estimate the dietary calcium intake with a simple questionnaire, 95 and we also do not know which percentage of the calcium is absorbed in the intestine, and which part of that is finally absorbed in the bone.
Lower serum 25-hydroxy(OH) vitamin D levels have a negative effect on bone mineralization and thus, on bone strength, and may also lead to muscular weakness and an increased fall risk. 96, 97 Indeed, low levels of serum 25(OH) vitamin D are often observed in persons with a hip fracture. 96 Recent data also showed an association between low vitamin D levels and an increased risk of allcause mortality, which could reflect a causal effect, but could also result from less exposure to sunshine in elderly individuals with severe underlying diseases and comorbidities. 98 So the controversy remains, as calcium D supplementation lowers fracture risk on one hand, but may increase cardiovascular risk on the other hand. Recently, Abrahamsen summarized the evidence on this topic as follows:
Hence, despite the combination of CaD having shown the strongest anti-fracture and survival benefits but also the strongest suspicion of renal and cardiovascular potential for harm, there is currently a complete lack of clinical trial activity to resolve this central controversy and inform clinical guidance to patients and public health strategies. 99 Another important modifiable risk factor is Vitamin D. In a large meta-analysis, it was shown that vitamin D supplementation (800 IU/day), in patients who also received calcium supplementation, is associated with a 20% reduction in nonvertebral fractures, and also with a 20% reduction in falls. 100, 101 In an RCT observing different dosages of vitamin D, in >95% of patients, a serum level of 50 nmol/l was found after 6 months of treatment. 102 However, it is not clear to which patients vitamin D supplementation should be prescribed: to all osteoporotic patients, or only to those with a vitamin D level below 20, 30, 50 nmol/l, or 70 nmol/l? In other words, vitamin D deficiency, is there really a pandemic? 33 It is also not clear whether we should perform measurements of serum 25(OH) vitamin D, to check whether the levels are in the optimal range, or not. Strikingly, very high-peak dosages of vitamin D (annually 500,000 IU/year) seem to be associated with increased fall risk and fracture risk, 103 while a dosage of 2000 IU per day was associated with a higher fall risk than with a dosage of 800 IU per day. 104 Smoking is another important nonpharmacological factor that has a negative effect on bone strength, mediated by direct negative effects on osteoblasts, upregulation of Receptor activator of nuclear factor-kB ligand (RANKL), alterations in calciotriopic hormones and decreased intestinal calcium absorption. 39, 105 In addition 'heavy smokers' are often physically inactive and have a low body weight, which are also important risk factors for fractures. Thus, there is much evidence that stopping smoking and starting with a healthier lifestyle is crucial in those individuals regarded as heavy smokers; unfortunately stopping smoking is not simple for those who are addicted to nicotine.
With regard to alcohol, more than four alcoholic beverages per day show deleterious effects on bone tissue, particularly a negative effect on bone formation. 95 However, even more than two units of alcohol per day increases the risk of osteoporotic and hip fractures, not only because of the negative effect on bone, but also because of a negative effect on neuromuscular coordination and fall risk. 40, 106 Other dietary-modifiable factors that influence bone mass and future fracture risk include other nutritional factors like protein intake and fruit. Previous studies have shown an incremental increase in bone mass with protein intake in young adults and recently, different diets have been identified to decrease fracture risk by improving bone strength. 25, 107 Moreover, better milk intake improves bone mineral acquisition in adolescent girls. 108 These observations may implicate clinical relevance, although the main question is how much intake of proteins, fruit or dairy is necessary in general; and the next question is whether these amounts can be applied to the individual patient in your outpatient clinic.
Ageing is not only associated with bone loss, but also affects the muscles. More than 90% of nonvertebral fractures occur after fall events, and we are able to diagnose low BMD reflecting low bone strength in these individuals, but unfortunately, we are not able to adequately test the mean muscle force, or even better, muscle strength. 109, 110 Finding a T-score of <-2.5 often leads to a simple diagnosis of osteoporosis by clinicians, but no operational and widely accepted definition of low muscle strength or sarcopenia exists. The development of an operational definition for muscle weakness or sarcopenia and the development of drug therapies that substantially improve muscle strength are among the biggest challenges (or unmet needs) in the field of osteoporosis and fracture prevention. For this reason, exercise programs and fall prevention programs are a hallmark of nonpharmacological treatment for the prevention of fractures, as well. One year or more of aerobic and strengthening exercises, of which at least a part is weight bearing, is related to positive effects on BMD. 90, 111, 112 A meta-analysis of exercise programmes designed to prevent falls in older adults; all injurious falls, falls resulting in medical care and falls resulting in fractures were reduced. 113, 114 Individual trials in patients with vertebral fractures for 1 year resulted in an improved quality of life, functional mobility and balance. 115 Moreover, it was shown that a 2-year balance training programme, combining weekly and individual sessions, was effective in reducing falls, but not in serious injuries, and improves physical function in elderly women. 114 In general, positive effects on both BMD and muscle strength are described in patients who exercise rigorously, as well as fall reduction, but the evidence for fracture reduction is limited. 116 Recently, a metaanalysis of randomized controlled trials observed exercise prevents fractures related to fall in elderly. 117 Another point is that not all exercise programmes are the same: there are burning questions on the optimal intensity, frequency and duration of the programme. Compared with the number of large trials with anti-osteoporotic drugs, there is a paucity of data in the field of exercise therapy, which is even more remarkably if one realizes that side effects of exercise therapy are limited compared to anti-osteoporotic drugs and since exercise therapy may also have some benefit on cardiovascular function. Clearly, there is a challenge or unmet need to unravel the positive effects of different types of exercise therapy on bone, muscle, falls and fractures.
Surgical therapy
From the process of making a collaborative set of recommendations together with orthopaedic surgeons, we learned that after a fragility fracture, optimal care in the preoperative, operative and postoperative phases all have an important effect on clinical outcome. 64 Firstly, fragility fractures should be managed in the context of a multidisciplinary clinical system, guaranteeing adequate preoperative assessment and preparation of patients, including adequate pain relief, appropriate fluid management and surgery within 48 h of injury. 118, 119 Secondly, to improve functional outcome, and to reduce length of hospital stay and mortality, orthogeriatric comanagement should be provided, especially in elderly hip fracture patients. 71, 72 And thirdly, appropriate treatment of the fractures in these often elderly and multimorbid patients with frail bones requires a balanced approach with regard to operative versus nonoperative treatment and careful selection of fixation devices and techniques. 64 As a consequence, it is very likely that limited mobility and a poor quality of life in the postoperative phase may be associated with an elevated risk of future fractures.
Anti-osteoporotic drugs: still unmet needs?
Recently, a decrease of around 50% from 2008 to 2012 in postmenopausal women using bisphosphonates was documented in the USA, the socalled 'crisis in osteoporosis'. 20, 21 The reason for the crisis is probably multifactorial: a common public awareness about devastating side effects as atypical femur fractures and osteonecrosis of the jaw is probably the most important. Suboptimal communication by physicians that are not capable of achieving a large fracture reduction by bisphosphonates (30-70% vertebral fracture reduction) versus the very small risk of severe side effects, around 1 in 100,000 bisphosphonate users, may exacerbate this issue. 120 It is important to realize that effective drugs reduce fracture rates, but do not fully prevent the occurrence of fractures. Other explanations are lack of education to and engagement with osteoporosis by physicians, who may regard osteoporosis as a low medical priority, poor coordination of health care systems, inadequate access to diagnostic tools such as DXA and VFA, low adherence and compliance to anti-osteoporotic drugs, and the treatment gap ( Table 2 ).
In addition, there is a low reimbursement for DXA investigations in the US. Finally, it is possible that pharmaceutical industries also play a role, as during the first years after introduction of osteoporotic drugs, an increase of bisphosphonate use was observed (in 2007 ~15% (!) of postmenopausal women used bisphosphonates). 20 Currently, there is a growing market share of generics drugs and increased withdrawal of large pharmaceutical industries, which might be related to a decrease in bisphosphonate use. This emphasizes the certain unmet need for new drugs with an even better efficacy/safety profile.
Thus, the current situation is that we have the tools to diagnose osteoporosis, with DXA (and VFA), and we have effective anti-osteoporotic drugs that reduce the vertebral and nonvertebral fracture rate. Additionally, there is a separation between the growing number of elderly individuals in the population, and the lower risk of bisphosphonate users. In a large cohort study in >22,000 hip fracture patients, new prescription of bisphosphonates decreased from (only) 15% in 2004 to 4% in 2013. 121 This is striking, since hip fracture patients have a high risk for subsequent fractures, and, even more strikingly, it has been shown that the use of zoledronic acid reduces not only vertebral and nonvertebral fractures after an initial hip fracture but also has an effect on mortality. 122 For patients who start with oral antiosteoporotic drugs, treatment adherence is one of the biggest challenges: after 1 year of treatment, 50% stopped their medication (!) and only 22% restarted with another anti-osteoporotic drug (!). 123 Although it has been suggested that the use of bone markers might have a positive effect on adherence to therapy, 124 this is not common practice. Mainly the costs of the measurement, the difficulty in collecting optimal samples and the variability of the measurements hamper the introduction of bone markers to daily practice. So, this raises the question how to improve the use of anti-osteoporotic drug treatment in those who urgently need it? One of the options is to improve the efficacy in terms of fracture reduction of the current medication: the available drugs reduce vertebral fractures by 30-70%, so it seems unlikely, nor very critical that that can be improved substantially. However, the reduction of nonvertebral fractures is (only) 20-25% for antiresorptive drugs, which is substantial, but probably not optimal. The 'ideal' drug for the prevention of osteoporotic fractures should reduce nonvertebral fractures versus placebo by 40-50% or more, which has been shown for the osteoanabolic drugs teriparatide and abaloparatide. 15, 19 In addition, the 'ideal' drug should not only reduce vertebral and nonvertebral fractures statistically significantly more than placebo, but should also be superior to an active comparator, for example, an oral bisphosphonate. This has never been investigated properly so far, but is currently studied in a randomized controlled trial with romosozumab versus alendronate and another controlled trial with teriparatide versus risedronate (the VERO trial), and the results of this trial are expected soon.
Another important issue is how to deal with osteoporotic medication use in a patient with a new fracture during the process of fracture healing. 125 In general, there is consensus that bisphosphonates and denosumab will delay bone turnover with a delay in callus remodelling, although it has been observed that both bisphosphonates and denosumab increase callus volume with unchanged biomechanical properties. Intriguingly, the anabolic agent parathyroid hormone has shown a better functional outcome postoperatively, 126 although a meta-analysis did not observe an improvement in the fracture healing process or pain outcome. 127 Further clinical studies with these medications are needed to fully understand their effects on the healing process in order to simultaneously treat fragility fractures and underlying osteoporosis.
New treatment options
Another interesting option is to investigate whether a combination of drugs with a different working mechanism are superior to monotherapy; 128 so far, no further fracture reduction has been demonstrated with combination therapy versus monotherapy. Finally, patients nowadays are usually treated with a bisphosphonate or denosumab, and with osteoanabolic drugs in those who fail with therapy, for instance, those who have fractures during adequate antiresorptive therapy. However, an attractive alternative is to start with an osteoanabolic drug in high-risk patients to improve BMD, preferably to normal ranges, and bone strength in 1-2 years, followed by maintenance therapy with an antiresorptive drugs. Age, a very low T-score (-3.5 or lower) and one or more previous fractures will probably be incorporated into the high-risk definition. The challenge, of course, is to find consensus on the definition of the high-risk group, which will be arbitrary. However, the threshold of T ⩽ 2.5 was also arbitrary but gave an enormous and positive impulse to the field of osteoporosis.
Another issue is that up till now, no targets have been defined in current fracture care. In other words: what is the goal of treatment in osteoporotic patients? Is this fracture prevention or an increase in BMD? Treat to target is useful in other situations, such as treatment of hypertension, gout and RA, but not yet proven in osteoporosis. One of the main reasons is that with bisphosphonates, the most commonly used drugs, normalization of BMD is usually not possible. 129 However, with denosumab and with osteoanabolic drugs, substantially larger increases in BMD are a realistic goal of treatment. New and preliminary data suggest that treat to target will probably also be introduced the coming years in the field of osteoporosis. Black and colleagues showed at American Society for Bone and Mineral Research (ASBMR) that a larger increase in hip BMD was associated with a larger hip fracture reduction, 130 and Ferrari and colleagues showed that 1-year nonvertebral fracture risk gradually decreases from a DXA hip T-score of −3 to a T-score of −1.5, but that no further improvement was observed, suggesting that a hip T-score of −1.5 is the optimal target for therapy. 23 However, these data are from patients treated with denosumab in the Fracture Reduction Evaluation of Denosumab in Osteoporosis Every 6 Months (FREEDOM) study, and should be confirmed and validated in other studies and cohorts. However, it is very likely that side effects are a more important limitation than lack of efficacy. In fact, the side effects can be divided in relatively common (in 5-15%), but mild and reversible side effects, particularly dyspepsia, and severe, but infrequent side effects (1:100,000): atypical femur fractures and osteonecrosis of the jaw. Thus, the lower use of bisphosphonates is more likely to be related to fear for severe side effects than for the reoccurring (mild) side effects. Nowadays, shared decision making is a model that is characterized by communication between patients and physicians in which the pros and cons of any treatment will be discussed. 131 For osteoporotic patients, showing the epidemiology with the very low incidence of the severe side effects versus the substantial reduction in fractures, combined with the individual fracture risk, probably estimated by FRAX ® , may help the patient to make a clear decision to start with the anti-osteoporotic treatment, or not.
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